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Purpose: To assess visual outcomes over time of femtosecond laser-assisted cataract
surgery compared to standard phacoemulsification cataract surgery.

Design: A retrospective, single-center comparative study.

Methods: Patient data including demographics, ocular biometry, pre- and postoperative visual
acuity, postoperative complications, primary (uncorrected distance visual acuity over time) and
secondary visual outcomes (uncorrected near visual acuity, best distance visual acuity, patient
complaints, satisfaction, and postoperative surgery) were gathered and statistically analyzed.
Demographic differences between patients receiving femtosecond-laser assisted cataract surgery
(FLACS) versus standard phacoemulsification cataract surgery (PCS) were corrected for outcome
comparison. Safety, efficacy, predictability, and stability were analyzed for each procedure and
compared.

Results: A total of 155 eyes in PCS and 143 eyes in FLACS were analyzed at 1 week, 3 months,
and 1 year using odds ratio. The odds ratio of being 20/20 or better and 20/40 or better at the
specified time periods were similar and statistically insignificant at all time periods analyzed except
20/20 or better for uncorrected distance visual acuity (UDVA) at 1 year (p=0.0001) and uncorrected
near visual acuity (UNVA) at 1 week (p=0.02). In both cases, the odds of being 20/20 or better
favored FLACS. Mean UDVA, UNVA, and best distance visual acuity (BDVA) were all similar
and statistically insignificant between the two groups. Postoperative patient complaints, safety,
efficacy, predictability, and stability between the two groups showed no statistical significance.
Conclusion: Despite the odds ratio of being 20/20 or better favoring FLACS for UDVA at 1 year
and UNVA at 1 week, the mean logMAR UDVA, BDVA, and UNVA were similar and statistically
insignificant between the FLACS and PCS groups at 1 week, 3 months, and 1 year. Differences in
visual acuity were likely due to differences other than surgical approaches. While both FLACS and
PCS are appropriate approaches to cataract surgery, one does not appear to be superior when
assessing longitudinal markers for visual acuity, safety, efficacy, predictability and stability.
Keywords: cataract surgery, cataracts, femtosecond-laser assisted cataract surgery,
phacoemulsification cataract surgery, uncorrected distance visual acuity, best distance
visual acuity, uncorrected near visual acuity
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Introduction

Cataract surgery is heralded as one of the most effective surgeries in medicine,
allowing for increased visual acuity and improved quality of life. A cataract is an
opacification of the natural crystalline lens, usually caused by multifactorial processes
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during aging' and from medication side effects, infections,
family history, and metabolic syndromes such as galactose-
mia. Visual impairment is the leading cause of falls in
adulthood, and the restoration of vision reduces the asso-
ciated high morbidity and mortality.”> Moreover, cataracts are
the leading cause of blindness worldwide, with estimates
that 50 million people in the United States will have catar-
acts by 2050.>* This rising global prevalence of cataracts
makes developing a widely accessible, effective, low-risk,
and cost-effective treatment method vital.

The treatment of cataracts has evolved from couching
in the fifth century BC, where the cataract was displaced
from the visual pathway to today’s standard of care, stan-
surgery (PCS).
Technological advancements have allowed for the use of

dard phacoemulsification cataract
femtosecond lasers in cataract removal, first in laser in-situ
keratomileusis (LASIK) and later in cataract surgery in
2008. It was hypothesized that femtosecond lasers would
have a lower energy discharge than phacoemulsification
cataract surgery due to their short pulse times (107 s)
with more precise cuts.” However, femtosecond laser-
assisted cataract surgery (FLACS) only automates the
initial steps of cataract surgery like clear corneal incision,
capsulotomy, and lens nucleus fragmentation.® The ensu-
ing steps of phacoemulsification and insertion of the lens
are completed as in PCS.

With continued technological advancements in cataract
surgery, risk and benefit assessments of these technologies
are necessary to guide clinicians and patients when decid-
ing on surgical options. Consequently, this study aimed to
assess differences in patient outcomes between traditional
PCS and FLACS over time and provide quantitative and
clinically relevant guidance for clinicians and patients.
Although numerous studies have reported the differences
in outcome between these procedures, there remains
a paucity of reporting on patient outcomes at different
postoperative time intervals.

Methods

Study Design

A retrospective comparative study was performed using
data collected from patient chart review at a single tertiary
refractive surgical center. Data were collected from 350
patients (592 eyes) who underwent phacoemulsification
cataract extraction by one of four experienced surgeons

with or without femtosecond laser assistance between
January 1, 2018 and January 1, 2021. A total of 294 eyes

were excluded using Microsoft Excel (365) to ensure pre-
operative equivalence in ocular biometry, keratometry, and
operative planning, including type of intraocular lens to be
implanted, for both groups (Table 1). A total of 298 eyes
(155 eyes in PCS, 143 eyes in FLACS) were subsequently
analyzed. Exclusion criteria included age less than 25
years old, a history of retinal disease, corneal disease,
glaucoma, eye trauma, cerebrovascular accidents affecting
vision, degenerative eye disorders, amblyopia, refractive
surgery, use of ocular medications affecting vision, and
perioperative complications.

The primary visual outcome was UDVA at 1 week, 3
months, and 1 year post-cataract surgery. The secondary
visual outcomes include BDVA and UNVA also at 1 week,
3 months, and 1 year postoperatively, patient complaints,
satisfaction, complications, and time in the operating
room. Safety, efficacy, predictability, and stability were
analyzed and compared between the two different
approaches. We also collected patient demographics, ocu-
lar biometry and keratometry, and operative planning pre-
operatively and postoperatively at one day, one week, one
month, three months, six months, one year, and two years.
Biometry and keratometry were obtained from either
Lenstar LS 900 (Haag-Streit AG, Koniz, Switzerland/
Alcon Laboratories Inc., Ft. Worth, TX, USA) or
IOLMaster 700 (Carl Zeiss Meditec USA, Inc., Dublin,
CA, USA).

Surgical Procedure

The surgeons performed a manual 2.75 mm clear corneal
incision at the 180 degrees meridian in the temporal area.
A Surgical Induced Astigmatism (SIA) of 0.1 was used for
all surgeons. Duovisc (Alcon) was the viscoelastic of
choice. This was followed by a 5.0-5.5 mm continuous
curvilinear capsulorhexis. Phacoemulsification was per-
formed in a horizontal chop or divide-and-conquer fashion
using the Infiniti Vision System (Alcon Laboratories, Inc.
Fort Worth, TX). Manual clear corneal incisions were
performed in both PCS and FLACS. All wounds were
confirmed to be self-sealing, and no capsulotomy compli-
cations occurred in either FLACS or PCS.

After surgery, third- or fourth-generation fluoroquino-
lone antibiotic eye drops were used four times daily for
one week. Patients were also started on a topical steroid
four times daily and tapered weekly over one month.
A topical NSAID eye drop was used twice daily for six
weeks.
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Table | Baseline Demographics

PCS (%) N = I55 FLACS (%) N = 143 P value
Patient Demographics
Age at surgery (years) 66 + 9[37-86] 68 + 9 [41-89] 0.03
<70 yrs old at surgery 100 (64.5) 79 (55.2) 0.12
Male 60 (38.7) 66 (46.2) 0.20
Female 95 (61.3) 77 (53.8)
Right eye 73 (47.1) 66 (46.2) 091
Left eye 82 (52.9) 77 (53.8)
Diabetes Mellitus 20 (12.9) 19 (13.3) 1.00
Hypertension 39 (25.2) 30 (21.0) 041
Preoperative characteristics
Axial Length (mm) 24.22 + 1.40 [21.34-27.87] 24.30 + 1.26 [21.34-28.82] 0.24
Aqueous Depth (mm) 2.73 £ 0.36 [1.94-3.59] 2.72 £ 0.40 [1.80-4.73] 0.94
Km (D) 44.08 + 1.77 [38.81-47.9] 44.24 + 1.50 [39.82-47.92] 0.44
Lens Thickness (mm) 4.47 + 0.45 [3.23-5.33] 4.51 £ 0.39 [3.19-5.41] 0.60
White-to-White (mm) 12.03 + 0.46 [10.81-13.54] 12.11 £0.40 [11.10-13.21] 0.06
Central Corneal Thickness (um) 543 + 37 [436-658] 5467 + 37 [463-625] 0.58
IOP (mmHg) 14.1 £ 3.5 [6.0-24.0] 14.4 + 3.4 [7.0-24.0] 0.98
Spherical Equivalent (D) —2.10 £ 3.71 [-18.38-5.50] —1.86 + 3.60 [-17.88-5.13] 0.72
Myope (MRSE <0) 102 (65.8) 91 (63.6) 0.8l
Hyperope (MRSE >0) 49 (31.6) 43 (30.1) 0.90
UNVA (logMAR) 0.42 + 0.23 [0-0.70] 0.45 + 0.24 [0-1.10] 0.41
BCVA (logMAR) 0.17 £ 0.16 [-0.12-0.70] 0.16 £ 0.18 [0-1.10] 0.16
UDVA (logMAR) 0.65 + 0.40 [0-1.40] 0.70 + 0.44 [0-1.48] 0.25
Refractive Cylinder —1.16 + 0.97 [-5.75-0.5] —1.28 + 1.05 [-6.25-0.1] 0.31
Preoperative astigmatism (D) 1.69 + 1.06 1.79 £ 0.53 0.08
Postoperative Astigmatism & Cylinder
Postoperative astigmatism (D) 0.58 + 0.55 0.56 + 0.36 0.42
| week postoperative Refractive Cylinder —0.55 + 0.97 [-5.75-0.5] —0.59 + 0.53 [-2.25-2.25] 0.72
3 months postoperative Refractive Cylinder —0.55 £ 0.51 [-2.75-0.5] —0.59 + 0.78 [-5.25-1.25] 0.76
| year postoperative Refractive Cylinder —0.56 + 0.38 [-1.5-0] —0.59 + 0.37 [-1.25-0.5] 0.80
Operative planning:
IOL power (D) 19.00 + 4.07 [6.00-28.00] 18.59 + 4.50 [5.00-29.00] 0.21
Toric IOL 60 (38.7) 70 (49.0) 0.08
Non-Toric IOL 91 (58.7) 73 (51.0) 0.20
Monofocal IOL 55 (35.5) 47 (32.9) 0.71
LAL 2 (1.3) 310 0.67
MX60 20 (12.9) 17 (11.9) 0.86
ZCBO00 26 (16.8) 22 (15.4) 0.87
ZA 0 (0.0) 2 (1.4) 0.23
SA/SN60WF 532 3210 0.72
Toric Monofocal IOL 21 (13.5) 29 (20.3) 0.12
ZCT/ZCU 21 (13.5) 26 (18.2) 0.27
MXUT 0 (0.0) 320 0.11
Multifocal 1OL 36 (23.2) 26 (18.2) 0.32
TFAT00 28 (18.1) 24 (16.8) 0.88
ZXR00 5(3.2) 2 (14) 0.45
ZMAO00 1 (0.6) 0 (0.0 1.00
Multifocal Toric IOL 39 (25.2) 41 (26.3) 0.43
ZXT 30 (19.4) 29 (20.3) 0.88
ZKU 0 (0.0 30 0.11
TFAT# 8 (5.2) 9 (6.3) 0.80

Notes: Data presented as mean * standard deviation [range] or number (%). Bold signifies statistically significant; P < 0.05.
Abbreviations: BDVA, best distance visual acuity; FLACS, femtosecond laser-assisted cataract surgery; IOL, intraocular lens; IOP, intraocular pressure; LAL, RxSight, light adjustable
lens; logMAR, logarithm of the minimum angle of resolution; mmHg, millimeters of mercury; MRSE, manifest refraction spherical equivalence; MX60, B&L enVista Monofocal IOL; MXUT,
B&L enVista Toric Monofocal IOL; PCS, phacoemulsification cataract surgery; SA/SN60WVF, Alcon AcrySof IQ IOL; TFAT00, Alcon PanOptix Multifocal IOL; TFAT#, Alcon PanOptix
Multifocal IOL; UDVA, uncorrected distance visual acuity; UNVA, uncorrected near visual acuity; ZCB00, Johnson&Johnson TECNIS Monofocal |-Piece IOL; ZA, Johnson&ohnson
TECNIS Monofocal 3-piece IOL; ZCT/ZCU, Johnson&Johnson TECNIS Toric Il |OL; ZKU, Johnson&Johnson TECNIS Multifocal Toric Il |OL; ZMA, Johnson&Johnson TECNIS Multifocal
10L; ZXR00, Johnson&Johnson TECNIS Symfony IOL; ZXT, AMO Symfony Toric IOL.
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Patients undergoing FLACS were treated with the
CATALYS femtosecond laser system (Precision Lens,
Bloomington, MN). The femtosecond was used for capsu-
lorhexis and nuclear fragmentation but not for the corneal
incision. The corneal incision was made manually. The
capsulotomy used 4.0 pJ of pulse energy. For fragmenta-
tion, anterior pulse energy was 8.0 puJ and posterior pulse
energy was 10.0 pJ. A 5.0 mm capsulotomy centered on
the scanned capsule was performed, followed by lens
fragmentation into quadrants with or without softening.
Arcuate keratotomy incisions on the steep axis of astig-
matism were performed in patients with greater than 0.8
diopters (D) of astigmatism according to the Nichiman
nomogram. Following the clear corneal incision, the ante-
rior capsular tissue was removed with utrata forceps.
Phacoemulsification was performed in a divide-and-
conquer fashion using the WhiteStar Signature phacoemul-
sification system (Advanced Medical Optics Inc, Inc.
Santa Ana, CA). The remainder of the procedure and
postoperative care was the same as described for PCS
above. No patients undergoing FLACS had capsulotomy
complications.

For 0.75 D or less of Against-the-rule (ATR) astigma-
tism and 1.00 D or less of With-the-rule (WTR) astigma-
tism, we chose LRI with conventional IOL performing
standard phaco or FLACS. LRI was based on the
Nichiman nomogram. For 1.00 D or greater ATR and
1.25 D or greater WTR, we chose Toric IOL.

Patient Outcome Indicators

The primary visual outcomes studied were uncorrected
distance visual acuity (UDVA), uncorrected near visual
acuity (UNVA), and best distance visual acuity (BDVA)
at 1 week, 3 months, and 1 year post-cataract surgery. All
patients targeted for monovision were excluded from
UNVA analysis, and anyone with a targeted distance cor-
rection less than —0.5 D was excluded from UDVA analy-
sis. UNVA was measured at 40 cm using a standard vision
chart and recorded on a Jaeger scale. All Jaeger data points
were converted to Snellen units using a standard conver-
sion chart, and visual data were converted to logMAR for
statistical analysis using a conversion formula.” Secondary
visual outcomes included dysphotopsias, dry eyes, photo-
phobia, night vision complaints, postoperative surgery due
to complications, and patient satisfaction. Operating room
time was also recorded and compared between the PCS
and FLACS groups.

Vector Analysis
Vector analysis was performed on eyes with an implanted
toric intraocular lens (IOL) and had refractive data at their
3-month postoperative visit (63 eyes). The indication for
toric IOL placement was total corneal astigmatism of
greater than 0.8 D on preoperative measurements.
Incision location and IOL power were included in the
data for analysis. Postoperative refraction was collected
from patient charts at their one-month postoperative visit.
IOL power was chosen to target the manufacturer’s recom-
mended predicted postoperative
(Table 1).

All data required for the vector analysis was entered

spherical equivalent

into the American Society of Cataract and Refractive
Surgery astigmatism double-angle plot tool. Data was
organized and presented according to the method proposed
by Abulafia et al.®

Other analyses included predictability, stability, safety
and efficacy indices. The Safety index was determined by
dividing BDVA before treatment by BDVA after treat-
ment. The efficacy index was defined as UDVA after
treatment divided by BDVA before treatment. Stability
was determined by comparison of pre- and postoperative
spherical equivalent. Predictability was defined as the
number of patients within 0.5 D and 1.0 D of the target

spherical equivalence.

Statistical Analysis

Statistical analyses were performed using Microsoft Excel
(365) and R (R version 4.1.0, Vienna, Austria). The
Shapiro—Wilk test was used to check for normality of the
sample distribution. A ¢-test was performed for normally
distributed data points, while a nonparametric Wilcoxon
test was used for non-normal data distribution. When
appropriate, the Chi-squared or Fischer’s exact test was
used for categorical variables. An odds ratio with a 95%
confidence interval was applied in applicable comparisons
between the two groups.

Results

Our study population included a total of 155 and 143 eyes
that underwent cataract extraction via PCS and FLACS,
respectively. Patient demographics (except for age at sur-
gery), ocular biometry and keratometry, and implanted
lens type were similar preoperatively between the two
treatment groups (PCS and FLACS) (Table 1).
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Table 2 Postoperative Mean UDVA (logMAR)

Sample Size (PCS/FLACS) PCS FLACS P value
Mean UDVA I week 120/119 0.15£0.16 0.14 £0.18 0.34
3 months 53/60 0.15+0.17 0.15+0.18 0.94
| year 22/28 0.19 £ 0.14 0.12 £ 0.12 0.09
Mean BDVA I week 66/56 0.03 £ 0.07 0.03 + 0.07 0.58
3 months 52/56 0.02 £ 0.06 0.007 £ 0.05 0.78
| year 24/30 0.02 + 0.06 0.005 + 0.05 0.48
Mean UNVA I week 55/62 0.25 £ 0.18 0.26 £ 0.18 0.72
3 months 32/39 0.22 £ 0.19 0.21 £0.18 1.00
| year 20/24 0.27 £ 0.24 0.31 £0.25 0.54

Notes: Data presented as mean * standard deviation, PCS/FLACS, or number. P-value < 0.05 is considered statistically significant.
Abbreviations: BDVA, best distance visual acuity; FLACS, femtosecond laser-assisted cataract surgery; logMAR, logarithm of the minimum angle of resolution; PCS,
phacoemulsification cataract surgery; UDVA, uncorrected distance visual acuity; UNVA, uncorrected near visual acuity.

Visual Acuity

Postoperative outcomes in terms of mean UDVA, BDVA,
and UNVA at the corresponding time intervals were com-
parable between the two treatment groups (Table 2).

The percentage of patients with 20/20 or better UDVA
peaked at 3 months with 42% for PCS, while the FLACS
group peaked at 1 year with 43%. Patients with UDVA of
20/40 or better ranged from 88-91% for PCS, whereas the
FLACS group ranged from 92-96% over the period stu-
died (Figure 1A and B).

Patients in the PCS group with UNVA 20/20 or better
postoperatively increased with time from 4% at 1 week to

PCS UDVA Outcomes

Percentage of eyes
s ¥ ¥ ¥ OB OB O¥OROEG
7%
88%
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>

= Manual 20/20 2 Manual 20/40

FLACS UDVA Outcomes

§

§
95%
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73%

3

.0
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ee!
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I
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mCatalys20/20 2 Catalys 20/40

Figure | Patients 20/20 or better and 20/40 or better at | week, 3 months, and | year postoperatively. (A and B) Uncorrected distance visual acuity

PCS BDVA Outcomes

30% at 1 year. Patients undergoing FLACS rose from 15% to
31% from 1 week to 3 months, then decreased to 25% at 1 year
(Figure 1C and D).

Patients with BDVA of 20/20 or better peaked at 3
months for the PCS group (87%), while the FLACS
group peaked at 1 year (87%). Both groups had 100% of
patients reporting with BDVA of 20/40 or better post-
operatively (Figure 1E and F).

The odds ratio of having 20/40 or better UDVA at
l-year post-cataract surgery was greater in FLACS with
a p-value of 0.0001, which was statistically significant.
The odds ratio of having 20/20 or better UNVA at 1

PCS UNVA Outcomes

Percentage of eyes
§ 0§ 8 % ¥ ¢

§

%

Pre-op

84%
63%

§§§§ms§§

§

H

Percentage of eye:

§ ¢

UDVA) of 20/20 or

better and 20/40 or better for PCS (A) and FLACS (B) patients preoperatively, | week, 3 months, and | year. Patients with target refractions not set to 0 D were removed.
C-D: Best distance visual acuity (BDVA) of 20/20 or better and 20/40 or better for PCS (C) and FLACS (D) patients preoperatively, | week, 3 months, and | year. E-F:
Uncorrected near visual acuity (UNVA) of 20/20 or better and 20/40 or better for PCS (E) and FLACS (F) patients preoperatively, | week, 3 months, and | year. All patients

receiving monovision were excluded.
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Table 3 Odds Ratio of UDVA

PCS:FLACS OR (95% CI) 20/20 or Better | P value | PCS:FLACS OR (95% CI) 20/40 or Better | P value
UDVA | | week 0.99 (0.55-1.76) 1.00 0.76 (0.29-1.95) 0.63
3 months 1.53 (0.85-2.75) 0.23 0.35 (0.12-1.01) 0.08
| year 0.21 (0.10-0.42) 0.0001 0.37 (0.11-1.31) 0.37
BDVA | | week 1.27 (0.67-2.44) 0.50 * 1.00
3 months 1.23 (0.56-2.69) 0.69 * 1.00
| year 0.58 (0.28-1.24) 0.19 * 1.00
UNVA | | week 0.22 (0.07-0.72) 0.02 0.63 (0.32-1.25) 0.30
3 months 0.63 (0.33—1.19) 0.26 1.23 (0.64-2.36) 0.74
| year 1.29 (0.69-2.40) 0.53 1.40 (0.78-2.52) 0.37

Notes: Data presented as number (lower 95% confidence interval-upper 95% confidence interval). *All patients were 20/40 or better, no odds ratio available. Bold p-value

signifies statistically significant; P < 0.05.

Abbreviations: BDVA, best distance visual acuity; Cl, confidence interval; FLACS, femtosecond laser-assisted cataract surgery; PCS, phacoemulsification cataract surgery;

UDVA, uncorrected distance visual acuity; UNVA, uncorrected near visual acuity.

week was found to be greater in FLACS with a p-value of
0.03, which was also statistically significant. All other
odds ratios were nonsignificant and comparable between
PCS and FLACS in UDVA, BDVA, and UNVA (Table 3).

The mean operating room time for PCS patients was 21
minutes = 10 minutes with a range of 10-77 minutes,
while the mean operating room time for FLACS patients
was 17 minutes = 6 minutes with a range of 8-55 minutes,
excluding time spent at the CATALYS Femtosecond Laser
system, with a p-value of 0.004.

UDVA and Efficacy Index

At three months postoperatively, 21 eyes (40%) of the PCS
group and 19 eyes (32%) of the FLACS group achieved
UDVA of 20/20 or better (p=0.49). Additionally, the
Efficacy Index was 0.89 and 1.15 for PCS and FLACS
groups, respectively (Figure 2).

BDVA and Safety Index

The UDVA was the same or better than the preoperative
BDVA in 37 (70%) eyes in the PCS group and 34 (57%)
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Figure 2 Percentage of patients with BDVA and UDVA of specific visual acuity at 3 months postoperative. (A) Comparison of PCS patients with preoperative BDVA and
postoperative UDVA showing the percentage of patients presenting with 20/x visual acuity. All patients with target refractions not set to 0 D were removed from UDVA. (B)
Comparison of FLACS patients with preoperative BDVA and postoperative UDVA showing the percentage of patients presenting with 20/x visual acuity. All patients' target
refractions not set to 0 D were removed from UDVA.
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eyes in the FLACS group at three months (Figure 3A).
One or two lines of BDVA were gained postoperatively
in 37 (71%) eyes in the PCS group and 33 (64%) eyes
in the FLACS group (p=0.21), though 28 (54%) eyes in
the PCS group postoperatively improved their BDVA by
two lines compared to 13 (25%) eyes in the FLACS
group (p=0.001)

and was significantly different

(Figure 3B). The PCS and FLACS groups were not
statistically different in the number of eyes with
BDVA decreased by one line, with 5 (10%) and 1
(2%) eyes, respectively (p=0.16) (Figure 3B). The
Safety Index for the PCS group was 0.11, while the
6.5 mm group had a Safety Index of 0.04 over the
same postoperative timeframe.
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Stability and Predictability

The PCS and FLACS groups showed predictable visual
outcomes, demonstrated by UDVA at three months. The
slopes of attempted versus achieved manifest refractive
spherical equivalent (MRSE) were 1.06 and 0.98 for PCS
and FLACS groups, respectively. At three months, PCS
and FLACS had 32 (60%) and 38 (75%) eyes within 0.5
D of target MRSE (p=0.18), respectively, and 47 (89%)
and 48 (94%) of eyes within 1.00 D of target MRSE
(p=0.52), respectively (Figure 3C). Stability is demon-
strated in Figure 3D, with 17% of eyes experiencing
a change in MRSE > 0.5 D in the PCS group and 8% in
the FLACS group.

Figure 4A-D show the preoperative and postoperative
refractive astigmatism results for the PCS and FLACS
groups. At three months, there was a prediction error <
1.00 D in 50 (93%) and 50 (89%) of eyes for PCS and
FLACS (p=0.78), respectively, and a prediction error <
0.50 D in 34 (63%) and 36 (64%) of eyes for PCS and
FLACS (p=1), respectively. The TIA and SIA at 3 months
were 1.35 and 1.46 for PCS and 1.12 and 1.11 for FLACS
(Figure 4C). The angle of error within 15° was 28% for the
PCS group and 34% for the FLACS group (p=0.46)
(Figure 4D).

Vector Analysis

Figure 5 summarizes the preoperative and postoperative
refractive astigmatism at 3 months in the PCS and FLACS
groups. Patients with postoperative corneal astigmatism
within 0.50 D was 68% and 56% with 81% and 88%
within 1.0 D for PCS and FLACS respectively.

In the PCS group, the preoperative corneal astigmatism
centroid was 0.68 D at 91 degrees + 2.16 D. The centroid
of postoperative refractive astigmatism was 0.19 D at 123
degrees £ 0.79 D (Figure 6A). The centroid represents the
mean vector of astigmatism, and the ellipse represents one
standard deviation around the centroid. Each ring on the
graph represents 1.00 D. The ellipse decreased from ~4.00
D to ~1.00 D in both the postoperative corneal spectacle
plane and corneal plane, indicating an improvement in
astigmatism following surgery.

In the FLACS group, the preoperative corneal astigma-
tism centroid was 1.32 D at 89 degrees = 1.34 D. The
centroid of postoperative refractive astigmatism was 0.29
D at 147 degrees + 0.61 D (Figure 6B). The postoperative
ellipse decreased in the postoperative corneal plane com-
pared to the ellipse from the preoperative refractive

astigmatism. The ellipse decreased from ~3.00 D to
~1.00 D. These findings indicate an improvement in astig-
matism following surgery. The FLACS group had
a predictive error < 1.00 D in 88% of patients evaluated,
while the PCS group had a predictive error < 1.00 D in
81% of patients (Figure 6C).

Subjective Outcomes

In PCS and FLACS, 17 and 6 patients complained of
photophobia preoperatively, respectively, with a p-value
of 0.03; however, there was no significant difference post-
operatively. There was no statistical difference between
the number of patients undergoing Neodymium Yag (Nd:
YAG) laser capsulotomy within 3 months and 1 year of
cataract surgery. Patients undergoing limbal relaxing inci-
sion (LRI) were 0 and 6 (PCS and FLACS) with a p-value
of 0.01.

At 1 month, 11% of the PCS and 10% of the FLACS
patients expressed satisfaction with their vision (p=0.68).
At 3 months, there were 12% and 6% respectively
(p=0.38); and at 1 year 15% and 12% (p=1.00) expressed
satisfaction (Table 4).

Discussion
Improved visual acuity is the main objective of cataract
surgery. Other studies in the literature focused on deter-
mining if visual acuity outcomes are different in phacoe-
mulsification versus femtosecond laser-assisted cataract
surgery. In an analysis of 1838 eyes, Berk et al found no
statistical significance in visual outcomes between the two
groups at 3 weeks post-cataract surgery.” Another study of
1476 eyes analyzed BDVA at 3 months postoperatively
with similar results.'® To our knowledge, no studies have
compared postoperative visual acuity at multiple time
intervals in patients undergoing FLACS wversus PCS.
Although our study had a smaller sample size than other
similar studies, our study ensured that all patients in both
groups were preoperatively similar in ocular biometry,
keratometry, operative planning and implanted lens,
which many other studies did not consider. The analysis
included visual acuity at 1 week, 3 months, and 1 year
postoperatively, with a particular emphasis on 3 months.
Similar to other studies analyzing visual acuity at one
point in time,g’lo our results showed mean UDVA, UNVA,
and BDVA at 1 week, 3 months, and 1 year were statisti-
cally similar. However, our study also found the odds ratio
of 20/20 or better UNVA and UDVA at 1 week and 1 year,
respectively, was greater in FLACS. The p-value for

4674

Dove!

Clinical Ophthalmology 2021:15


https://www.dovepress.com
https://www.dovepress.com

Dove

Moshirfar et al

% Preop PCS : n= 154, <0.50D:31%, <1.00D: 61%

B Postop PCS:n= 54, <0.50D:63%, <1.00D: 93%
45%

®
0% 2
@ 35%
2 30% ©
S 259 S g
S 25% T
¥ 20% 2 % ]
" N % X o
5 15% %ﬂ = =
= % i Sl = o |R |S
& 10% il 5B
Ml oo
5% 2 8 iz
o Mal ml
Y, Q V4 4 S
0.25 513‘00 012‘01 5_[2‘02 \9.00
<y 25 %
Refractive Astigmatism (D)

A Pre- and Post-op Refractive Astigmatism

7 Preop FLACS : n= 138, <0.50D: 28% , <1.00D: 51%

M Postop FLACS : n= 56, <0.50D: 64%, < 1.00D: 89%

40%
35%
@ 30%
)
2 5%
o
@ 20%
g . %
< 15% X N - ®
o =) — o
I B . "5 -
g 10% 72 Y
///m % % 7 P
5% 7 R 7R 7 TR
//7/ 7 N ZZN 7 2y N
V4 Z S
0z -S7 3.00

Refractive Astigmatism (D)
B Pre- and Post-op Refractive Astigmatism

» Postop PCS:n=53, TIA:1.35+1.10 D, SIA:1.46 £ 1.06

- Postop FLACS : n=50, TIA:1.12+0.93 D, SIA:1.11 +
0.73

5

4.5 y =0.9048x + 0.242
: R?=0.8775
4

Overcorrected

W
n

8

e

S

8

>

£

2

‘Ef 3

_%? 25

< 2

-§ 1.5 y =0.6376x +0.399
2 1 R? = 0.6663

=

> 05 Undercorrected

g 0

£ 0 1 2 3 4 5
w

Target Induced Astigmatism Vector (D)

Target Induced Astigmatism vs
Surgically Induced Astigmatism

o

M Postop FLACS : n =44, Arith. Mean:-2.5+31.5,
Abs. Mean: 20.1+24.1, %<-15":18%, %> 15°: 20%

W Postop PCS: n=51, Arith. Mean:-5.0 +23.0,
Abs. Mean: 13.8 +19.0, % <-15":22%, %> 15°: 8%

45% 3
40% _
fa‘ 35%
& 30%
(]
T 25%
- Counterclockwise Clockwise
g 20%
.'.‘_; 15%
2 10%
20 5 02 b3
& 5% R&—% —8A——
0% L HE l
w0 wn w wn un un wn un un
G ORGSR - > S G
vV 2 2 e L £ & =8
5 = o8N e 83 B
Refractive Astigmatism Angle of Error

Figure 4 Astigmatic comparison. (A and B) Comparison of pre- and postoperative (3 months) refractive astigmatism in PCS patients (A) and FLACS patients (B). (C) Plot
of target versus actual astigmatism in PCS versus FLACS patients at 3 months postoperatively. (D) Comparison of the astigmatic angle of error in PCS versus FLACS patients

at 3 months postoperative.

UDVA at 1 year had a value of 0.0001, with an odds ratio
of 0.21 (PCS versus FLACS), favoring FLACS (Table 3).
The mean UDVA at the same period (1 year postopera-
tively) was 0.19 £ 0.14 logMAR for PCS and 0.12 + 0.12
for FLACS with a p-value of 0.09. It should be noted that
the sample size at 1 year significantly dropped from 53 and

60 (PCS and FLACS) at 3 months to 22 and 28. Patients
lost to follow-up can create bias in the data, and this
should be taken into consideration. The difference in
patients with UNVA 20/20 or better at 1 week had
a p-value of 0.02 and an odds ratio of 0.22 (PCS versus
FLACS), also favoring the FLACS group (Table 3).
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Despite this significant value, the mean UNVA for PCS
and FLACS was 0.25 £+ 0.18 and 0.26 + 0.18 logMAR,
respectively, with an insignificant p-value of 0.72.
Additionally, the number of patients presenting with 20/
20 or better UNVA at 1 week for the two groups was 2 out
of 55 in PCS and 9 out of 62 in FLACS.

The efficacy and safety indices were comparable
between the two groups with good predictability. While
the p-values of stability were insignificant, the FLACS
group did have fewer patients with MRSE > 0.5 D than
the patients undergoing PCS (8% versus 17% respec-
tively). Comparing preoperative to postoperative BDVA
at 3 months demonstrated a significant difference in the
improvement of 2 lines on the Snellen chart, favoring
patients in the PCS group (p=0.001). As discussed earlier,

it has been hypothesized that FLACS may cause decreased
damage to the eye in general due to lower energy
discharge,” which may lead to a difference in healing
times. With such small numbers, it is difficult to draw
any conclusions with certainty. Additionally, distance is
more commonly used as a standard of visual acuity, and
more studies should be done with a larger sample size to
confirm or reject these findings.

The femtosecond laser automated the four initial man-
ual steps performed in cataract surgery.® It was postulated
that lasers would augment nuclear fragmentation while
reducing the energy needed in PCS. In particular, PCS
using thermal energy for nuclear fragmentation can cause
injury to the surrounding structures, such as the corneal
endothelium.'"'? Although the theoretical benefit of
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Table 4 Postoperative Patient Complaints and Complications

PCsS FLACS P value PCS:FLACS OR (95% CI)
Preoperative N = I55 N =143
Glare 77 (49.7) 76 (53.1) 0.56 0.87 (0.55-1.37)
Halo 20 (12.9) 22 (15.4) 0.62 0.81 (0.42-1.57)
Photophobia 17 (11.0) 6 (4.2) 0.03 2.81 (1.08-7.35)
Dry eyes 22 (14.2) 22 (15.4) 0.87 0.91 (0.48-1.73)
Night vision issues 71 (45.8) 66 (46.2) 1.00 0.99 (0.63—1.56)
3 months postoperative N =65 N=68 0.35
Glare 0 1 (1.5) 0.48 -
Halo 3 (4.6) 8 (11.8) 0.13 0.33 (0.09-1.28)
Photophobia 2 3.1 0 0.50
Dry eyes 6(9.2) 13 (19.1) 0.09 0.40 (0.15-1.09)
Night vision issues 6(9.2) 3 (44) 0.50 1.88 (0.46-7.66)
| year postoperative N =27 N =33 0.25
Glare 0 0 1.00 -
Halo 0 0 1.00 -
Photophobia 0 0 1.00 -
Dry eyes 5(18.5) 11 (33.3) 0.12 0.40 (0.14-1.18)
Night vision issues 0 0 1.00 -
Postoperative procedures
YAG laser capsulotomy (£ 3 months post-op) I (1.5) I (1.5) 1.00 0.92 (0.05-14.88)
YAG laser capsulotomy (< |-year post-op) 5 (18.5) 8 (24.2) 0.40 0.56 (0.18-1.76)
Limbal relaxing incisions 0 6 (4.2) 0.01 -

Notes: Data presented as no. of patients (%). —~Unable to calculate. Bold p-value signifies statistically significant; P <0.05.
Abbreviations: Cl, confidence interval; FLACS, femtosecond laser-assisted cataract surgery; OR, odds ratio; PCS, phacoemulsification cataract surgery; YAG, yttrium-

aluminum garnet.

reducing the phacoemulsification energy to surrounding
structures indicates reduced cellular damage, multiple stu-
dies have found conflicting results regarding the effective-
ness of FLACS in this aspect.'*'> Some studies have
found reduced cellular damage in FLACS compared to
non-assisted PCS, whereas other studies have found no
differences.'> "> FLACS has shown promising results
when utilized in complex cataracts such as subluxated
cataracts.'® Our study found no statistical difference
between the PCS and FLACS groups in the numbers of
patients undergoing surgery following their initial cataract
surgery, except for those undergoing limbal relaxing inci-
sion (LRI). LRI is a surgical procedure in which incisions
are made in the cornea to correct for astigmatism. The
other option for astigmatism correction is the implantation
of a toric lens. One study found differences in outcomes
between the use of LRI versus toric lens. However, they
concluded that it was probably clinically insignificant.'”
Although the p-value was statistically insignificant, the
FLACS group had more patients receiving toric lenses
(70 versus 60 in the PCS group; see Table 1). Patients

undergoing FLACS may be more likely to pay for astig-
matism correction than those undergoing PCS; it cannot be
concluded with any degree of certainty that the greater
number of LRI surgeries in the FLACS group is linked
to cataract surgery via PCS versus FLACS.

The adoption of FLACS in clinical practice is based on
its equivalence or superiority to the traditional PCS and
the financial opportunities associated with the use of cut-
ting-edge technology.®'® Although the implementation of
FLACS has economic benefits and marketing opportu-
nities, clinicians should also consider the disrupted flow
of the surgical process and increased procedure time.'? 2!
The economics of cataract surgery are highly dependent on
case volume and reduction in efficiency renders the adop-
tion of FLACS a precarious decision. Our study found the
safety index (0.11 for PCS and 0.04 for FLACS) and the
efficacy index (0.89 for PCS and 1.15 for FLACS) to be
similar between the two groups, making it difficult to
justify additional expenses for certain patient populations.
Although we found that the average time spent in the

operating room for PCS patients was 4 minutes longer
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than FLACS (p=0.005), this did not include the time spent
at the femtosecond laser. This finding is consistent with
previous studies that found reduced operation duration for
FLACS compared to PCS.*>** We must note that in our
clinical practice, the total time for cataract surgery is
higher in the FLACS group, consistent with previous
studies.”***> Moreover, operating room time is subject to
differences in surgeon preferences, available staff, and
other outside factors that can influence the surgery’s flow
and duration.

There are limitations in this report. Retrospective studies,
in general, can be subject to selection bias and may not
necessarily represent the general population, and our study is
no exception. This was a single site study with a relatively
small sample size. Larger sample sizes from multiple sites
could lead to more precise results. Although the mean age at
surgery, standard deviation, and range of the two groups was
very similar, it had a p-value of 0.03. Our study also included
patients operated on by four surgeons, two of whom used the
Infiniti Vision System (using either horizontal chop or divide-
and-conquer approach) while the other two used the WhiteStar
Signature (using a divide-and-conquer method) for phacoe-
mulsification. Although all are experienced and highly skilled,
differences in technique and systems can play a role in out-
comes, both subjective and objective. Roberts et al noted
higher rupture rates of the posterior capsule in PCS
patients however, the factors of centration and size of the
capsulotomies were not compared because data was
incomplete.'* These factors may spell a difference, especially
for beginning surgeons. Furthermore, although we tried to
make sure that both groups’ astigmatism were corrected to
the best possible extent, there could be a confounding bias for
the FLACS group because of the higher patient and doctor
expectations from the use of the FLACS procedure.

The patient background of the PCS and FLACS groups
also plays a role in the subjective findings, such as patient
complaints and satisfaction. Patient satisfaction was also
not explicitly asked for each patient and was documented
if the patient expressed unprompted satisfaction to the
technician. Patients of a certain socioeconomic status
may be more or less likely to elect for surgery via
FLACS over PCS, which may have subsequently influ-
enced whether patients voiced notable improvement, com-
plaints of continued visual limitations, or satisfaction.
Ideally, all patients included in the study would be pre-
operatively screened on a demographic, socioeconomic,
and operative planning level, randomly divided equally
among the surgeons, and followed at the 1 week, 3

months, and 1-year periods with patient satisfaction sur-
veys distributed.

In conclusion, mean visual acuity outcomes were simi-
lar between the two groups at 1 week, 3 months, and
1 year postoperatively, with slightly greater chances—but
statistically insignificant differences—of 20/20 or better
vision in PCS versus FLACS patients depending on the
time period. The FLACS group resulted in more patients
with 20/20 or better UNVA at 1 week and UDVA at 1 year,
despite having statistically insignificant differences
between mean UNVA and UDVA over these intervals.
Safety, efficacy, stability, and predictability were all com-
parable between the two groups and statistically insignif-
icant. BDVA improvement by two lines was greater in
PCS compared to FLACS, and was statistically significant.
These findings may have been due to a small sample size,
loss of patients to follow-up, or other factors.
Notwithstanding, this trend found in our study may war-
rant further investigation with larger sample sizes. Our
study supports the findings of numerous other studies,
adding the knowledge that the visual acuity over time

remained similar between the two groups.
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